The major internal structural proteins (p30) of type C viruses isolated from several mammalian species were studied by radioimmunoprecipitation and competitive radioimmunoassays. Three antigenically distinguishable sets of interspecies determinants could be demonstrated by both methods. One set of determinants shared by viruses of rodent origin (mouse and rat) can be detected readily in feline leukemia viruses but not in other type C viral groups. The p30 proteins ol murine viruses also contain a second discrete set of antigenic determinants related to those in infectious primate viruses and endogenous porcine viruses, but not detected in the feline leukemia virus group. The p30 proteins of endogenous viruses of baboons and domestic cats share yet a third set of cross-reactive determinants not detected in type C viruses isolated from other species of animals. Enzyme inhibition studies performed with antisera raised toward the reverse transcriptases of these same groups of type C viruses showed the same patterns of immunological cross-reactions as observed with p30 proteins. The antigenic cross-reactions between the homologous proteins of type C virus isolated from genetically distant animals may reflect transmission of type C viruses across species barriers.
Sensitive immunological assays for the structural proteins of mammalian type C viruses have become increasingly important in classifying new viral isolates and relating them to known groups of viruses. A group-specific (gs-1) antigenic determinant shared by murine type C viruses was first described by Gregoriades and Old (17) and has been assigned to a protein of approximately 30 ,000 molecular weight (p30), the major internal protein of the virion (32, 42) . Subsequent studies showed that the p30 proteins of murine type C viruses also share an interspecies antigenic determinant (gs-3) with other rodent type C viruses (rat and hamster) and with the feline leukemia viruses (11, 13, 33, 35, 43) . With the characterization of type C viruses isolated from other mammalian species, it has become apparent that the p30 proteins of certain groups of isolates show only weak gs-3 reactivity, whereas other classes of interspecies antigenic determinants can be demonstrated (14, 14a, 21, 31, 35, 36, 44, 48) . The immunological cross-reactions observed between different groups of viral p30 proteins do not appear to be fortuitous, since similar cross-reactions are observed with other viral components including reverse transcriptase (1, 26, 37) and the envelope glycoprotein gp7O (51, 52) .
Serological and amino acid sequencing studies of homologous proteins from different species have demonstrated a correlation between the extent of antigenic cross-reaction and the degree of sequence homology. Such approaches can be used to estimate the extent of evolutionary divergence between species and provide data in general agreement with taxonomic classifications based on anatomical considerations and the fossil record (8, 15, 19, 20, 23, 28, The present report describes studies of interspecies antigenic determinants cn the p30 proteins and reverse transcriptases of several groups of mammalian type C viruses. The data show that at least three antigenically distinguishable classes of interspecies determinants can be detected among the groups of viruses studied. We propose that homologies observed between type C viruses isolated from genetically distant vertebrate species reflect trans-species infections of either somatic cells, germ cells, or both, which have occurred in the past (7).
TYPE C VIRAL ANTIGENS MATERIALS AND METHODS
Viruses and cell lines. The mammalian type C viruses used in these studies are listed in Table 1 and were grown as described previously (49) . Viruses were concentrated from culture supernatants by continuous-flow centrifugation and were banded on sucrose at a density of 1.15 to 1.17 g/cm3.
Purification of viral proteins. The p30 proteins of the simian sarcoma-associated virus (SSAV), the gibbon ape leukemia virus (GALV), the endogenous baboon virus M7, the endogenous domestic cat virus RD-114, the endogenous mouse virus S2CL3, feline leukemia virus (FeLV, Rickard strain), the murine leukemia virus (MuLV, Rauscher strain) were purified by gel filtration and isoelectric focusing (49) . The p30 protein of the endogenous porcine PK(15) virus was purified by column chromatographic methods as described by Strand and August (51) . All proteins had approximate molecular weights of 30,000 as determined by electrophoresis in 7 and 13% polyacrylamide gels containing sodium dodecyl sulfate, and all were greater than 95% homogeneous as judged by multiple electrophoretic criteria (49) . Viral reverse transcriptases were partially purified as described previously (40, 46) . Antisera. Antisera to p30 proteins and viral polymerases were raised in New Zealand white rabbits (37, 46, 49) . Animals received primary immunizations in complete Freund adjuvant divided between the four footpads and two intradermal booster injections in incomplete adjuvant. Intramuscular immunizations were continued at 3-week intervals, and test bleeds were obtained from an ear artery 7 days after each booster injection.
Groups of two to three animals were immunized with the same antigen. By the schedule described above, maximum antibody titers to p30 proteins were routinely obtained after four to five immunizations. Sera obtained at this time were titered by immunoprecipitation with homologous and heterologous radiolabeled p30 proteins. No significant differences were observed in the relative titers of cross-reacting antibodies in individual sera from each group of animals. Antisera to certain viral polymerases (RD-114, MuLV, FeLV) were raised in single rabbits, whereas sera directed toward other viral enzymes [SSAV, GALV, M7, PK(15)] were raised in groups of two to three animals. In cases where comparisons were possible, sera from different animals showed the same patterns of cross-reactivity when used to inhibit enzymes from heterologous viruses. MuLV (Rauscher strain) (38) S2CL3 (55) R4/B (4) S16CL10(I) (4)
AT-124 (56) RT21C (53) CCL 38 (25) V-NRK (25) FeLV (Rickard strain Radioimmunoassays. Antisera titrations and competitive radioimmunoassays were performed by a "double-antibody" method (35, 46 determinant (11) and have been observed with many sera prepared from several species of animals (11, 13, 33, 35, 43, 44) . By contrast, equivalent binding of the p30 proteins of SSAV, GALV, the endogenous porcine PK (15) virus, the endogenous feline virus RD-114, and the endogenous baboon virus M7 was only observed at significantly lower dilutions of the anti-FeLV p30 serum. A lower-titer antiserum to the p30 protein of R-MuLV showed a reciprocal pattern of cross-reaction with the p30 protein of FeLV and did not react strongly with the p30 proteins of the other type C viruses studied. These results show that the interspecies determinants shared by FeLV and MuLV p30 proteins are not as readily detected on the p30 proteins of several other groups of mammalian type C viruses.
At least two other major classes of interspecies determinants can be identified on type C viral p30 proteins (Table 2 ). An antiserum to the p30 protein of SSAV reacts strongly with both the SSAV and GALV p30 proteins (cf. 14, 21, 36, 49, 60) and cross-reacts to a lesser extent with the p30 proteins of the porcine PK(15) virus and Rauscher MuLV. An antiserum to the p30 protein of the PK(15) virus also cross-reacts with SSAV, GALV, and MuLV p30 proteins. Competition radioimmunoassays were used to further study the interspecies determinants of p30 proteins in an attempt to generalize these conclusions to other viral isolates. When such assays are designed with an antiserum and homologous test antigen, the assays are initiated with relatively high dilutions of antisera so that antibodies binding group-specific determinants are preferentially selected (cf. . Table 3 ). These results confirm that the p30 proteins of FeLV and viruses of rodent origin (rat and mouse) share interspecies antigenic determinants that are not readily detected by these methods in several other groups of type C viruses.
In an assay with an antiserum to the p30 protein of the porcine PK(15) virus and a radiolabeled SSAV p30 protein (Fig. 1B) , SSAV, GALV, and endogenous porcine viruses all competed with identical slopes for the labeled test antigen. All of the mouse viruses tested cross-reacted in this assay, as evidenced by the reduced slopes of the competition curves, indicating that MuLV's contain p30 proteins with interspecies determinants partially related to those found in SSAV, GALV, and endogenous porcine viruses. In contrast, only limited competition was observed in this assay with FeLV or with the endogenous rat viruses RT21C, VNRK, and CCL 38. By replacing the labeled SSAV test antigen with a labeled p30 protein from the endogenous murine virus S2CL3 (Fig. 1C) shared with FeLV's and endogenous rat viruses (Fig. lA) , and a second set shared with SSAV, GALV, and endogenous porcine viruses (Fig. 1B  and C) .
By using an antiserum to the p30 protein of the RD-114 virus and a labeled p30 protein from the M7 baboon virus (Fig. 1D) , it was shown that the RD-114 and M7 viruses share interspecies determinants not found in the p30 proteins of other type C viral groups (49) . Identical reactions also were seen with other endogenous feline and baboon type C isolates (CCC and M28, respectively). This assay, then, defines yet another set of interspecies determinants that distinguish endogenous baboon and endogenous feline type C viruses from the other groups of viruses studied. Table 3 summarizes the results obtained with radioimmunoassays for p30 proteins. The slopes of the competition curves generated with homologous competing antigens are assigned values of 1.0, and the degree of antigenic crossreaction seen with heterologous competing antigens has been determined by a slope-ratio method (49) . The results generalize the data shown in Table 2 to additional viral isolates and show that at least three distinguishable sets of interspecies antigenic determinants can be found on p30 proteins of mammalian type C viruses. Goldberg et al. (14a) have also reported similar patterns of cross-reactivity between the p30 proteins of these different groups of type C viruses.
To determine whether the cross-reactions observed between p30 antigens could also be demonstrated with another type C viral protein, the immunological properties of the reverse transcriptases from these viruses were also studied. Table 4 shows the results of studies in which antisera were used to inhibit the polym-C. aAntigenic cross-reactions were quantitated by comparing the slopes of competition curves. Data were calculated by obtaining the average slope of at least six separate competition curves for each antigen. The average slope of the competition curves for the homologous competing antigen in each assay was assigned a value of 1.00. The ratio, slope of competition curve (cross-reacting antigen)/slope of competition curve (homologous antigen), is indicated in the table and is an index of the relative degree of cross-reaction between different antigens tested in the same assay (49) . The homologous competing antigens are indicated by parentheses. Tables 2  and 4 ).
Antisera to the reverse transcriptases of FeLV and Rauscher MuLV showed reciprocal crossreactivity and did not significantly inhibit enzymes from other type C viral groups. An antiserum to the polymerase of SSAV strongly inhibited the enzyme from GALV and crossreacted to a lesser extent with the polymerases of the porcine PK(15) virus and MuLV. A similar pattern was observed with an antiserum to the reverse transcriptase of GALV, although a greater degree of cross-reaction was observed with the murine viral enzyme than with the PK (15) polymerase. An antiserum to the PK(15) enzyme strongly inhibited the polymerases of SSAV and GALV and, to a lesser extent, the MuLV reverse transcriptase. Table 4 also shows that the polymerases of the endogenous feline virus RD-114 and the endogenous baboon virus M7 are closely related antigenically although neither enzyme appears immunologically related to the other reverse transcriptases studied. These data show that three distinguishable sets of interspecies antigenic determinants can be identified on the polymerases from different groups of mammalian type C viruses. DISCUSSION
Cells from a variety of mammalian species contain sequences in their DNA that can code for the production of endogenous type C viruses. These virogene sequences are thought to be present in both the somatic and germ cells of all members of the species and are inherited as integral components of the cellular genome (22, 58) . Endogenous virogene sequences held in common among related species should be the direct descendants of the same sequence present in the most recent common ancestor. The degree of base pair mismatching observed between endogenous virogenes of two related species should then be a relative index of the time since the two species diverged from one another. For example, sequences related to endogenous baboon type C viral RNA have been identified in all the other Old World monkeys, the higher apes, and man, and the degree of relatedness of such sequences to baboon type C viral RNA correlates well with the known taxonomic relationships of the primate species (2, 6). 
